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Wednesday, February 19, 2014 637aare deeply inserted in the membrane and contact the methyl termini of the lipid
acyl chains. This antiparallel distribution is also observed for a much larger
segment of gp41 that includes the fusion peptide. A very different registry dis-
tribution is detected for the non-functional V2E mutant and suggests that the
amino acid content of the antiparallel sheet is correlated to membrane fusion.
3218-Symp
Membrane Dynamics and Lipid Interactions of Influenza Fusion Proteins
Peter Kasson.
Department of Molecular Physiology and Biological Physics, University of
Virginia, Charlottesville, VA, USA.
Viral fusion peptides interact with lipid membranes to promote membrane
fusion and viral entry. Data on fusion-defective mutants of influenza virus
suggest that these interactions are in fact required for efficient fusion. Fusion
peptides appear to be at least structurally plastic if not highly dynamic, adopt-
ing multiple conformations and potentially multiple interaction modes with
lipid membranes. It remains unclear, however, how these structural properties
are linked to physiologic function. We have used molecular dynamics simu-
lation to probe the conformational transitions and membrane interactions of
influenza hemagglutinin. Based on these simulations, we obtain models of
1) how fusion peptides can lower the activation barrier to the first lipidic in-
termediates in membrane fusion, 2) how structural plasticity may be impor-
tant to this activity, and 3) how inactive mutants of influenza fusion
peptides may be functionally impaired. We have also performed functional
experiments on how the membrane environment affects fusion kinetics of
live influenza virus. Correlation of models from simulation with spectroscopic
and functional data can help to further elucidate the mechanisms by which
fusion peptides promote membrane fusion and how structure and dynamics
relate to function.
3219-Symp
How SNARE Assembly and Folding may Drive Membrane Fusion
Lukas K. Tamm.
Department of Molecular Physiology & Biological Physics, University of
Virginia, Charlottesville, VA, USA.
Soluble N-ethylmaleimide-sensitive factor attachment protein receptor
(SNARE)-mediated membrane fusion is driven by the assembly of the four-
helix bundle of the SNARE complex. Three SNARE proteins form the SNARE
complex that is responsible for rapid exocytosis of synaptic vesicles at presyn-
aptic membranes of neurons: synaptobrevin (or VAMP) 2 is the single vesicle
SNARE and syntaxin 1A together with synaptosomal-associated protein 25
(SNAP-25) forms the acceptor SNARE complex on the presynaptic plasma
membrane. While synaptobrevin and syntaxin are single helix-spanning inte-
gral membrane proteins, SNAP-25 is a palmitylated soluble protein. We
have solved the monomeric prefusion structures of membrane-anchored synap-
tobrevin and syntaxin by solution NMR methods and studied their membrane
association with site-directed spin-label EPR spectroscopy. Contrary to the
common notion that the soluble portions of SNAREs are completely disordered
prior to assembly, we found that certain regions have higher propensities to pre-
fold into helical segments and exchange with the membrane surface than other
regions. Supported by fluorescence interferometric measurements in supported
membranes, we propose a mechanism of SNARE assembly that could provide
the energy to drive tight membrane docking (by formation of a partially folded
trans-SNARE complex) to membrane fusion (by formation of the completely
folded cis-SNARE complex).
3220-Symp
Structural Rearrangement of the Ebola Virus VP40 Protein Begets Multi-
ple Functions in the Virus Life Cycle
Erica Ollmann Saphire1, Zachary A. Bornholdt1, Dafna M. Abelson1,
Peter Halfmann2, Takeshi Noda3, Malcolm Wood4, Yoshihiro Kawaoka2.
1Department of Immunology and Microbial Science, The Scripps Research
Institute, La Jolla, CA, USA, 2University of Wisconsin, Madison, WI, USA,
3University of Tokyo, Tokyo, Japan, 4Core Microscopy Facility, The Scripps
Research Institute, La Jolla, CA, USA.
Structural basis for ebolavirus matrix assembly and budding; protein plasticity
allows multiple functions Proteins, particularly viral proteins, can be multifunc-
tional, but the mechanism(s) behind this trait are not fully understood. Here, we
illustrate through multiple crystal structures, biochemistry and cellular micro-
scopy that a protein of the Ebola virus, termed VP40, rearranges into different
structures, each with a distinct function required for the ebolavirus life cycle. A
butterfly-shaped VP40 dimer trafficks to the cellular membrane. There, electro-
static interactions trigger rearrangement of the polypeptide into a linear hex-
amer. These hexamers construct a multi-layered, filamentous structure that is
critical for assembly and budding of nascent virions and resembles tomograms
of authentic virions. A third structure of VP40, formed by a different rearrange-ment pathway, is not involved in virus assembly, but instead exists only in in-
fected cells, where it uniquely binds RNA to regulate viral transcription. These
results provide a functional model for Ebola virus matrix assembly and the
other roles of VP40 in the virus life cycle, and demonstrate how a single,
wild-type, unmodified polypeptide can assemble into different structures for
different functions.
Symposium: Biophysics of Cell Division and
Spatial Relationships
3221-Symp
Direct Evidence for Sister Kinetochore Fusion in Meiosis I
Susan Biggins1, Krishna Sarangapani2, Eris Duro3, Yi Deng2,
Kwaku Opoku2, Flavia de Lima Alves4, Juri Rappsilber5, Adele Marston5,
Charles Asbury2.
1Fred Hutchinson Cancer Research Center, Seattle, WA, USA, 2University of
Washington, Seattle, WA, USA, 3University of Edinburgh, Edinburgh,
United Kingdom, 4University of Edinburgh, edinburgh, United Kingdom,
5University of Edinburgh, Edinburgh, United Kingdom.
For decades, biologists have wondered how replicated sister chromatids, which
always separate from one another during normal mitotic cell division, instead
co-migrate together during phase I of meiosis, the specialized division that pro-
duces eggs and sperm. Genetic, cytological, and biochemical studies using
budding yeast have suggested that sister kinetochores, which link the sister
chromatids to microtubules and drive their movement, may be mechanically
fused by a meiosis I-specific kinetochore-binding factor called monopolin.
But thus far the evidence for monopolin-dependent sister kinetochore fusion
has been indirect, and the possibility that monopolin could instead promote
co-migration by binding to and inhibiting one of the two sister kinetochores
has not been excluded. To test these ideas directly, we are isolating native
meiotic and mitotic kinetochore particles, reconstituting their function in vitro,
and applying advanced tools for manipulating and tracking individual mole-
cules. Using laser trapping, we find that kinetochore particles from meiosis I
form substantially stronger attachments to dynamic microtubule tips than those
frommitosis or frommeiosis II. The high strength of meiosis I particles is lost if
DNA replication is blocked during pre-meiotic S-phase, demonstrating that sis-
ters are required. High strength is also lost if monopolin is disrupted prior to
kinetochore particle isolation and, conversely, the strength of mitotic kineto-
chores can be increased by artificially inducing monopolin expression. Quanti-
tative fluorescence microscopy also confirms that meiosis I particles have more
copies of the core microtubule-binding component, Nuf2. Together these data
suggest that sister kinetochores are mechanically fused by the monopolin com-
plex during meiosis I, in such a way that the microtubule-binding elements
from the two sister kinetochores can cooperate together to form a single attach-
ment site.
3222-Symp
Intrinsic and Extrinsic Noise in the Flagellar Length Control System
Wallace Marshall.
UCSF, San Francisco, CA, USA.
The control of organelle size is currently an open question in cell biology. The
eukaryotic cilium or flagellum provides a simple, one-dimensional model
organelle in which to study the mechanisms of size control. We have previously
analyzed the dynamics of transport within the flagellum and found evidence for
a control system regulating transport as a function of length, coupled with an
avalanche-like behavior that generates power-law distributions of transport
mediator sizes. Here, we analyze fluctuations in flagellar length as a new
way to probe the mechanisms of size control, and link these observations
with our previous results using a simple noise model. A similar approach can
be applied to probe size control mechanisms in any organelle.
3223-Symp
Cytoskeletal Assembly Under Confinement
Daniel Fletcher.
University of California, Berkeley, Berkeley, CA, USA.
How the crowded confines of a cell influence the assembly and organization of
intracellular structures remains a mystery. While some cytoskeletal structures
have been successfully formed in vitro from purified protein components,
biochemical reconstitution outside the complex environment of the cell carries
the inevitable risk of removing too much context and therefore sacrificing
important physical constraints that guide the system’s behavior. One such
constraint is the size of cells. This talk will describe recent work investigating
the effect of volumetric confinement on the assembly of mitotic spindles in
Xenopus egg extract, as well as experimental methods for recreating physical
constraints for in vitro reconstitutions. This work contributes to the growing
638a Wednesday, February 19, 2014view that cytoskeletal structures in cells are defined not only by their molecular
components but also by their boundary conditions.
3224-Symp
A Cell’s Life Under Confinement: Growth, Division and Migration When
Space is Limited
Matthieu Piel.
Institut Curie, Paris, France.
In tissues, cells have their physical space constrained by neighboring cells and
extracellular matrix. In the recent years, we have developed simple and versa-
tile devices to precisely and dynamically control this confinement parameter in
cultured cells. I will present results we obtained on the effect of forces and
confinement on dividing and migrating cells. Early in mitosis, cells round up
by pushing on their surroundings. This is essential to ensure enough space to
assemble a proper mitotic spindle. In prometaphase and metaphase, cell shape,
as well as forces acting on the cell, together affect the orientation of the mitotic
spindle, setting the division axis. Later in the division process, daughter cells
re-adhere and spread, while the cytokinetic process is not yet finalized. During
this late step, forces cells exert on each other and on the substrate regulate the
final abscission process. Confinement also strongly affects the mode of migra-
tion, eliciting fast amoeboid migration of weakly adherent cells. Finally I will
present a new method to accurately follow volume of single cells on long time-
scales. We found, for all cell types we measured, that cell volume homeostasis
is mostly based on the fact that smaller cells have a longer cell division cycle, a
process well established for yeast cells, but which was thought to be absent in
animal cells. We also found that when cells enter mitosis, they very signifi-
cantly increase their volume, due to osmotic swelling, a feature that, together
with cortical stiffening, might help them to push on their neighbors and round
up when dividing under confinement in a tissue.
Platform: TRP Channels
3225-Plat
Molecular Mechanism of TRPV2 Trafficking in Sensory Neurons
Matthew R. Cohen1, Kevin W. Huynh1, Daniel Cawley2,
Vera Y. Moiseenkova-Bell3.
1Case Western Reserve University, Cleveland, OH, USA, 2Monoclonal
Antibody Core Facility, Vaccine and Gene Therapy Institute, Oregon Health
Sciences University, Beaverton, OR, USA, 3Pharmacology, Case Western
Reserve University, Cleveland, OH, USA.
Ca2þ is an important signaling mediator in neuronal guidance, outgrowth, and
retraction. Amplitude, frequency and subcellular location of Ca2þ transients
regulate development, function and survival of neurons. Transient receptor po-
tential vanilloid 2 (TRPV2) is a nonselective Ca2þ-permeable cation channel
implicated in growth factor signaling and neuronal cell development. TRPV2
shows constitutive activity, suggesting that its subcellular location is important
for its function; however, the molecular mechanisms by which TRPV2 traf-
ficking is regulated are not well understood. We identified several TRPV2 bind-
ing partners frommouse brain implicated in neurite extension and nerve growth
factor (NGF) signaling. In heterolgous expression systems, NGF signaling
increased expression and changed the localization of TRPV2, while IGF-1
had little to no effect on TRPV2 localization. Studying endogenous TRPV2
has proven difficult since specific pharmacological modulators are unavailable
and TRPV2 antibodies have not been extensively characterized and validated.
Our laboratory has developed highly specific monoclonal TRPV2 antibodies by
using full-length, tetrameric TRPV2 as an antigen. These antibodies have al-
lowed us to identify endogenous expression, localization and the effects of
growth factors on TRPV2 in neuronal cell lines and DRG neurons. These re-
sults will enhance our understanding of the key players in Ca2þ signaling dur-
ing neuronal cell development.
3226-Plat
Direct Recording and Molecular Identification of the Calcium Channel of
Primary Cilia
Paul G. DeCaen, Markus Delling, David E. Clapham.
Childrens Hospital Boston, Harvard Medical School, Boston, MA, USA.
Primary cilia are solitary, tiny organelles that project from the membrane of
most mammalian cells. Housing components of the cell division apparatus be-
tween cell divisions, they also serve as specialized compartments for calcium
signaling and Hedgehog signaling pathways. The ionic permeability of the pri-
mary cilia membrane, the ionic concentrations within the cilia, and the diffu-
sion barrier created by the cilia neck are unknown. Here, we report the first
direct measurements and identification of ion channels from intact primary
cilia. We demonstrate that a channel composed of two TRP channel proteins,
PKD1-L1 and PKD2-L1. This channel richly populates cilia at a density thatrival those of voltage-gated ion channels in nerve and muscle. This heteromeric
channel conducts a moderately calcium-selective current that is regulated by
second messengers of the Gaq/11 pathway. We developed a transgenic mouse
in which only cilia express a fluorophore and employ it to measure currents in
the cilia of diverse tissues. In conjunction with cilia-specific ratiometric Ca-
sensor, we show that the PKD1-L1/PKD2-L1 heteromeric channel establishes
the cilia as a unique calcium compartment within cells that regulates estab-
lished Hedgehog pathways.
3227-Plat
Soluble Phosphoinositide Physical Chemistry and the Interpretation of
TRPV1 Potentiation
Marcus D. Collins, Sharona E. Gordon.
Physiology and Biophysics, University of Washington, Seattle, WA, USA.
Many cellular signaling processes depend on phosphoinositide lipids (PIPs), so
that several techniques to manipulate plasma membrane PIP levels have been
developed. Among the most common is the application of ‘‘short-chain’’
PIPs, usually dioctanoyl PIPs, to excised, inside out plasma membrane patches
or to whole cells delivered by dialysis through the patch pipette. Our goal has
been to better connect studies using these diC8-PIPs to physiological situa-
tions.We have applied isothermal titration calorimetry to determine the parti-
tion of these lipids into models of both the intracellular and extracellular
leaflets of neuronal plasma membranes. To accurately model the measured
heats of transfer of the PIPs from solution to the membrane and account for
ion binding as the membrane becomes increasingly charged, applied a
variable-charge model of the PIP headgroups. We found, not surprisingly,
that for equal solution concentrations, the mole fraction of diC8-PI(4)P in the
membrane is about twice as high as the mole fraction of diC8-PI(4,5)P2. More
intriguing is the implication that very low concentrations give a number of
diC8-PI(4,5)P2 are required to activate TRPV1. We will discuss the conditions
under which our observations can be extended to physiological PIPs, as well as
implications for other ion channel studies applying these short-chain lipids. Our
results suggest novel experiments to examine the role of the membrane in regu-
lating membrane protein function.
3228-Plat
Store-Operated Ca2D Entry Channels Regulate Cell Growth and Migra-
tion in Human Cardiac C-KitD Progenitor Cells
Hui Che, Gui-Rong Li.
The University of Hong Kong, Pokfulam, Hong Kong.
Background and objective: It is believed that cardiac c-kitþ progenitor cells
maintain cardiac homeostasis and have the potential of multipotent differenti-
ation and myocardial repair. However, cellular physiology is not well under-
stood in cardiac c-kitþ progenitor cells. The present study investigated the
functional store-operated Ca2þ entry (SOCE) channels and the potential role
in regulating cell proliferation and migration in human cardiac c-kitþ progen-
itor cells.
Methods: Multiple techniques were employed in the present study, including
confocal scanning microscope, RT-PCR, Western blot analysis, co-
immunoprecipitation, and cell proliferation and migration assays.
Results: We found that Ca2þ influx through SOCE channels was inhibited by
La3þ or 2-aminoethoxydiphenyl borate. Genes and proteins of the SOCE com-
ponents TRPC1, STIM1 and Orai1 were abundant in human cardiac c-kitþ pro-
genitor cells, and the protein-protein interaction between TRPC1, STIM1 and
Orai1 was revealed by co-immunoprecipitation. Silence of TRPC1, STIM1,
or Orai1 with the corresponding siRNA significantly reduced the Ca2þ influx
through SOCE channels. Interestingly, knockdown of TRPC1, STIM1, or
Orai1 decreased cell proliferation by reducing cyclin D1 and cyclin E, while
inhibited cell migration via reducing p-Akt kinase.
Conclusion: Our results demonstrate the novel information that TRPC1,
STIM1 and Orai1 are the major components of SOCE channels in human car-
diac c-kitþ cells. They regulate cell proliferation by increasing cyclin D1 and
cyclin E, modulate cell migration by activating p-Akt.
3229-Plat
Glycosylation of TRPM4 and TRPM5 Channels: Molecular Determinants
and Functional Aspects
Ninda R.M. Syam, Jean-Sebastien Rougier, Hugues Abriel.
Dept. of Clinical Research, University of Bern, Bern, Switzerland.
Background
Transient Receptor Potential Subfamily Melastatin Member 4 and 5 (TRPM4-
5) are non-selective cation channel that are activated by intracellular calcium.
Their various post-translational modifications are not yet well-described for its
function and regulation.
Aim
To investigate the significance of TRPM4-5 glycosylation and function.
